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suggest a combined mechanism of action of these neighbor genes in the resistance to MAP infection, which is also supported by a significant effect showed by the haplotype DLD
Introduction
Mycobacterium avium subspecies paratuberculosis (MAP) is a pathogenic intra-cellular bacteria known to be the causative agent for the Johne's disease (paratuberculosis) in cattle and other ruminants. The disease was described for the first time by Johne & Frottingam (1895) as an atypical case of bovine tuberculosis. Nowadays, the pathogenesis of the disease is not completely clarified, but the chronic inflammation of the intestine with granulomatous lesions of the ileum are considered as the main alterations of the intestinal mucosa caused by MAP. Animals with Johne's disease show progressive loss of weight, chronic diarrhea and reduction of productive performances (for a review Purdie et al. 2011) .
Many reasons prevent the early diagnosis of the disease: the prolonged incubation time (up to 10 years) of MAP, the difficulties to clearly identify the infection status of the animals, the high incidence of subclinical infections and asymptomatic cases. Furthermore, the lack of quick and cost efficient commercially available diagnostic tests with high sensitivity make the application of prophylaxis programs difficult as well as the eradication of MAP from an infected herd very difficult (Beyerbach et al. 2001 ).
It's known that MAP infections are spread worldwide and this condition has a very negative impact on the economy of the dairy industry. Recently, Küpper et al. (2013) estimated a reduction of milk yield per day of life in MAP positive cows, whereas in US, the losses were estimated in approximately 200 million USD per year in terms of reduced milk production, limited reproduction efficiency and increased management costs (Ott et al. 1999 ).
Susceptibility to paratuberculosis has been showed to have a genetic component and the heritability in cattle was estimated to range from 0.041 to 0.228 (Koets et al. 2000; Mortensen et al. 2004; Gonda et al. 2006; Hinger et al. 2008; Attalla et al. 2010; Küpper et al. 2012; van Hulzen et al. 2012) .
Despite many efforts done and genetic approaches (including microsatellite genotyping, whole genome scanning for quantitative trait loci, SNP arrays) have been attempted (for a review Purdie et al. 2011) , the identification of the genetic part contributing to the phenotypic variance of MAP susceptibility is still not clear.
However, independent genome wide association studies (GWAS) accomplished in the last years proved that only a restricted number of chromosomal regions carry strongly significant SNP involved in Johne's disease (table 1) . Although potential candidate genes have been indicated in each of these studies, so far no further investigation including characterization of the genes in Holstein cattle has been performed.
The understanding of the loci associated with susceptibility/resistance to disease is fundamental to evaluate them into breeding schemes and to eradicate the disease. Therefore, the aim of this study was to investigate the genetic variability within a pool of genes putatively associated with MAP infection and accomplish a confirmation study of association with paratuberculosis susceptibility in a population of German Holstein cattle classified as MAP-positive and MAPnegative using both ELISA and faecal cultural results.
Material and methods

Sample collection, Nucleic Acid Isolation and Diagnostic Tests
A total of 324 German Holstein cows from 15 different farms located in Thuringia (Germany) were considered in this study. To eliminate potential stratification factors a case-control study was designed. Therefore 162 faecal culture positive (AVID, 2007) animals (age >24 months)
were chosen as cases, whereas 162 faecal culture negative animals from the same farm, from the same sire and at the same age were used as controls. Blood samples were collected to isolate the DNA according to the procedure described by Montgomery & Sise (1990 
In silico Analysis of Transcription Factors Binding Sites
SNP DLD rs134692583:A>T; WNT2 rs43390642:G>T and IL10 AC_000173:g.3625A>G
were analyzed for potential transcription factor binding sites applying the online tool TFSEARCH which is based on the TRANSFAC database (Heinemeyer et al. 1998) . Transcription factors with predicted binding scores of ≥75 for each allele were included in the analysis (max. score = 100). For each SNP, major and minor alleles including the flanking 15 nucleotides upstream (5') and downstream (3') were analyzed.
Statistical Analysis
The allele frequency and Hardy-Weinberg equilibrium ( test) were calculated by means of PopGene software Ver 1.31 (University of Alberta, Canada). SAS system software (SAS 9.1, Institute Inc., Cary, USA) was used to estimate differences between the allele frequencies of the different polymorphisms in the investigated genes between cases and controls. Analyses were done by Fisher's exact test using three different phenotypes: (1) faecal positive/negative, (2) ELISA positive/negative, and (3) faecal or ELISA positive/negative. According to the same scheme odds ratios (ORs) were calculated for the minor allele at each SNP by SAS system software considering 95% confidence intervals (CI). A test of H 0 for OR=1 was calculated by Fisher's exact test. All tests were two-tailed considering p-values <0.05 as significant.
The linkage disequilibrium parameters (D' and r 2 ) and the haplotype frequencies for the SNP located on chromosome 4 (rs211391398:C>T; rs134692583:A>T and rs43390642:G>T) were estimated with Haploview software according to the model proposed by Wang et al. (2002) .
Results
Genetic variability occurred within a group of six genes (LAMB1, DLD, WNT2, PRDM1, SOCS5 and PTGER4) indicated as putative candidates for the resistence/susceptibility to MAP infection. Eight SNPs falling within these genes were chosen from NCBI Reference SNP data base for the genotyping of infected and un-infected animals. In silico analysis indicated that these SNPs were responsible for amino acid changes (table 2) or had a potential effect on the transcriptional regulation (either enhance or repress) because the affected nucleotide changes putative binding sites for gene transcription factors (table 3) .
Four out of eight SNPs (LAMB1 rs43388824:A>G; PRDM1 rs136770416:A>C; SOCS5 rs134378401:A>C; PTGER4 rs41944920:C>G) were monomorphic in our test samples (38 MAP+ and 38 MAP-). Therefore the total population of German Holstein (162 cases and 162 controls) was genotyped for the remaining four (LAMB1 rs211391398:C>T; DLD rs134692583:A>T; WNT2 rs43390642:G>T; PRDM1 rs136669229:A>C) polymorphic sites plus an additional SNP found in
IL10.
In fact, the comparison of the IL10 sequences showed two new SNPs (g.1309C>T at the intron 2 and g.3625A>G at the intron 4; numbering is relative to the EMBL acc. no. AC_000173
used as reference) never reported in NCBI data base. The second polymorphic site is located only 14 bp upstream of exon 5 and it might potentially affect GATA binding sites, therefore it was chosen for the genotyping of the complete population by the set up of a PCR-RFLP method.
The restriction patterns for each of the digestion protocols are reported in the figure 1.
Briefly, the transition rs211391398:C>T in LAMB1 is restricted in 2 fragments for the TT samples 
Discussion
The most recent approach to understand which chromosomal region is involved in MAP susceptibilty is represented by GWAS. So far, several studies have been carried out (Settles et al. 2009; Minozzi et al. 2010; Pant et al. 2010; Kirkpatrick et al. 2011; Zanella et al. 2011; Minozzi et al. 2012; van Hulzen et al. 2012 ) and a limited number of positional candidate genes have been indicated (table 1) Laminin is a biologically active protein and it is an important structural component of the basement membrane, mediating the interactions between cells and matrix. It was described as one of the molecular determinants involved in the adherence of MAP to epithelial cells (Pethe et al. 2001 ). In human, 3 independent GWAS evidenced the controversial role of LAMB1 in relation to
Crohn's disease (Barrett et al. 2009; McGovern et al. 2010; van Sommeren et al. 2011) . Although van Hulzen et al. (2012) indicated this gene as putatively involved in Johne's disease, our association study using faecal, ELISA and the combination of both diagnostic test did not confirm such role (table 5) This SNP resulted in linkage disequilibrium with the polymorphic site found in DLD promoter. The haplotype TT was associated (p=0.047) with the resistance to MAP infection, but it was less significant than the WNT2 alone, hence suggesting that the existence of a cooperative action of these genes mediated by the activation of their specific transcription factors has to be deeply investigated. Functional studies are necessary to clarify the influence of C/EBPGATA-1 and GR transcription factors on DLD and WNT2 gene expression, however the potential positive interaction between neighbor genes might partially explain the "infinitesimal" effect expected from these loci in the control of such complex trait.
PR domain-1 (PRMD1) is a zinc finger-containing transcriptional repressor of betainterferon. Our investigation on two A>C transversions responsible for an amino acid change within the PRDM1 gene did not confirm any association with MAP susceptibilty. However, recently a rare allele identified in PRDM1 was associated with Crohn's disesase in humans (Ellinghaus et al. 2013 ).
Functional studies reported by the same authors showed that this rare risk allele led to increased peripheral blood lymphocytes (PBL) expression of the adhesion molecule L-selectin, increased CD4 + and CD8 + T-cell proliferation, IFN- secretion, and up-regulation of activation markers (Ellinghaus et al. 2013) . Each of these factors may contribute to the pathogenic role of PRDM1 in this disease.
Suppressor of cytokine signaling (SOCS) family of proteins are functionally closely related to interleukins. Cytokine signaling is in fact negatively regulated by SOCS proteins. We genotyped a SNP in SOCS5 gene which is reported in NCBI dbSNP as responsible of amino acid change rs134378401:A tyr >C Asp , however this polymorphic site was monomorphic in German Holstein population. However, SOCS 5 remains functionally interesting because it is preferentially expressed in T h 1 cells which promote cell-mediated effector responses to eliminate intracellular pathogens (Seki et al. 2002) .
Prostaglandin E receptor 4 (PTGER4) has been identified in human as a Crohn's disease candidate gene by Libioulle et al. (2007) and Barrett et al. (2009) . The same indication was reported after GWAS in Holstein cattle (Kirkpatrick et al. 2011) . Our confirmation study was carried out on a SNP located at the exon 3 and reported as responsible for an amino acid change rs41944920: C Leu >G Val . However, this SNP was not polymorphic in the German cattle population.
Also the role of PTGER4 related to MAP infection has to be taken in great consideration. Recently in human, Glas et al. (2012) demonstrated the strong Crohn's disease association of 2 SNP (rs4495224:A>C and rs7720838:G>T) as part of binding sites for NF-kB and XBP1, suggesting that these transcription factors may modulate PTGER4 gene expression. Therefore, future investigations are strongly required also in bovine to clarify the role of PTGER4 as candidate gene for paratuberculosis susceptibility.
IL10 is classified as a class-2 cytokine. Recent studies of gene expression indicated a greater up regulation of IL10 in cow monocytes after 2 hours of infection with MAP (Weiss et al. 2005) .
The intronic SNP AC_000173:g.3625A>G within IL10 is putatively responsible for the alteration of GATA factors binding sites (table 3) . This family of transcription factors plays a key role for cytokine gene expression by T h 2 cells (Zheng & Flavell, 1997) . In addition, intron GATA binding sites in the IL4 gene were proved to be essential for acting both as transcriptional enhancer and demethylation factor (Hural et al. 2000) . Despite these biological functions, the result of the association of the SNP g.3625A>G with both faecal and ELISA tests did not confirm a role of IL10
in the susceptibility to MAP infection (table 4) .
Although the frequencies of minor alleles for all the investigated SNP are low and genotyping larger sample sizes might better elucidate their role in the susceptibility to paratuberculosis, many studies report that low-frequency and rare variants are involved in the etiology of complex traits (Bodmer & Bonilla, 2008; Gibson, 2011) . Furthermore, even for diseases with a strong genetic component, the identified common variants usually only explain a small portion of the total genetic heritability. For instance, in a study of Crohn disease, >30 loci were identified, but they explain <10% of the overall heritability (Barret et al. 2008 ).
In conclusion, this study confirms the region (UMD 3.1: 50639460-51397892) on 
